
POWER CONTROL DEVICE WITH ELECTRIC 
DOUBLE LAYER CAPACITOR UNIT CELLS 

BACKGROUND OF THE INVENTION 

5 

1. Field of the invention 

This invention relates to a power control device controlling 
supply of electric power to a load by making use of electric power 
due to charge and discharge of an electric power storage device 
10 as well as electric power from a power supply, 

2 . Description of the related art 

Power control devices of the above-described type include 
an electric power storage device so that a predetermined amount 
of electric power is supplied to a load even under occurrence 

15 of load variations and/or power supply variations. Electric 
energy stored in the power storage device is used for supply of 
power to the load. For example, an uninterruptable power source 
comprises an AC/DC converter converting AC power to the 
corresponding DC power, a DC/AC inverter converting the DC power 

20 delivered from the converter to the corresponding AC power which 
is supplied to a load, and an electric power storage device 
connected between the converter and inverter. An AC input is 
converted by the DC/AC converter to the corresponding DC output 
under a normal condition. The DC output is converted by the 

25 inverter to an AC output having a desired current, voltage and 
frequency, the AC output being supplied to the load . The 
aforesaid DC output is partly used for charge to the power 
storage device, whereupon electric energy is stored in the power 
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storage device. The electric energy stored in the power storage 
device is supplied to the load side upon occurrence of power 
failure . As a result , the load can be prevented from an 
interrupt . 

5 The aforesaid power storage device comprises a secondary 

battery with a relatively long discharge duration, for example, 
a lead-acid battery, lithium ion battery or sodium ion battery 
(NaS battery). Alternatively, a multitude of aluminum solid 
electrolytic capacitors connected to one another are used as the 

10 power storage device. The above-described conventional power 
control device has the following problems. Firstly, each of the 
aforesaid power storage devices has a short cycle life and is 
accordingly handled as an expendable component . In the case of 
a lead- acid battery, for example, when the electric charge and 

15 discharge are alternately repeated at 200 to 1000 times under 
the use at normal depths of charge and discharge, deterioration 
of electrodes etc. results in a power reduction, whereupon the 
efficiency of the power control device is reduced. In view of 
the fact, the lead-acid battery needs to be replaced by a new 

20 one at the intervals of 2 or 3 years. Thus, the maintenance of 
power storage device necessitates much labor and large cost. 

Secondly, the secondary batteries used as the power storage 
device contains materials detrimental to environment , for 
example, lead, acid, sulfur and lithium. Accordingly, 

25 sufficient maintenance is required in order that breakage of the 
power storage device may not result in environmental destruction . 
This disadvantageously increases the maintenance cost . Further , 
since the power storage device containing detrimental materials 
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needs to be replaced by a new one at the intervals of 2 or 3 years, 
disposal of the power storage device requires a special treatment 
facility, resulting in high costs for treatment. 

5 SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a power control device which has a high reliability, is easy to 
maintain and can reduce costs for environmental countermeasures . 

10 The present invention provides a power control device 

comprising an electric power storage device provided across a 
power supply line for a load and including an electric double 
layer capacitor (EDLC) bank including a plurality of 
parallel-connected rows of EDLC device cells, each of which rows 

15 includes a plurality of series-connected EDLC unit cells. 

Voltage and capacity both suitable for power control can 
be obtained since the electric double layer capacitor (EDLC) bank 
includes a plurality of EDLC unit cells configured into a 
series-parallel connection. Electric power is stored in the 

20 EDLC bank when a power supply has a sufficient amount of power 
to be supplied. The power stored in the EDLC bank is consumed 
when an amount of power consumed by the load exceeds a 
power- supplying capacity of the bank due to power stoppage, power 
supply variations or load variations. Consequently, a stable 

25 amount of electric power can be supplied to the load. 

The EDLC bank can perform high-speed electric charge and 
discharge and accordingly has a high charging efficiency. As 
a result, power to be regenerated in a short time can efficiently 
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be recovered by the EDLC bank and accordingly, the efficiency 
of the power control device can be improved. Furthermore, since 
the EDLC bank has a high output density, a large power can be 
supplied and received between the power supply and the load within 
5 a short time. Consequently, a stable high-quality power can be 
supplied to the load. Additionally, the EDLC bank contains no 
material contaminating environment, and a cycle life of the EDLC 
bank is as long as or longer than a service life of the power 
control device. Thus, since the EDLC bank need not be used as 

10 an expendable component and replaced by a new one , the maintenance 
of the power control device can be simplified and costs for 
measures to protect environment can be reduced . 

In a first preferred form, the electric power storage device 
includes at least one EDLC bank and a secondary battery combined 

15 with the EDLC bank. Consequently, a high energy density of the 
secondary battery can be obtained as well as the high-speed 
charging and discharging performances, high charging efficiency 
and high output density of the EDLC bank. For example, a 
regenerative power obtained from the load in a short time is 

20 stored in the EDLC bank, whereas a regenerative power gradually 
obtained from the load in a long time is stored in the secondary 
battery. Further, provision of the secondary battery can 
realize power backup for a long time. Accordingly, supply of 
power to the load can be rendered possible for a long time even 

25 in power stoppage. 

In a second preferred form, the electric power storage 
device includes at least one EDLC bank and an aluminum solid 
electrolytic capacitor combined with the EDLC bank. An aluminum 



4 




solid electrolytic capacitor can absorb switching ripple current 
from the converter and the inverter. Further, a power variation 
in which frequency twice as high as that of a fundamental wave 
occurs at the DC side in an arrangement of compensating unbalance 
5 in a power system to which the inverter is connected or of 
converting the DC power from the electric power storage device 
to an AC power which is supplied to an unbalanced load. The 
aluminum solid electrolytic capacitor can also absorb the 
aforesaid power variation. 

10 By making use of power stored in the aluminum solid 

electrolytic capacitor, a desired power can be supplied to the 
load in a very short period (several tens msec, or less) at an 
initial stage of sudden power supply variations such as power 
stoppage. In a subsequent period, power stored in the EDLC bank 

15 is supplied to the load. Thus, a stable power can be supplied 
to the load for a long period of time immediately after the sudden 
power supply variations such as power stoppage. 

In a third preferred form, the electric power storage device 
includes at least one EDLC bank, an aluminum solid electrolytic 

20 capacitor and a secondary battery, the latter two of which are 
combined with the EDLC bank. Consequently, the above-described 
effects can be achieved simultaneously . 

In a fourth preferred form, each EDLC unit cell has an 
internal resistance which is at or below 2 mQ and a product of 

25 an electrostatic capacity of each EDLC unit cell by the internal 
resistance thereof is at or below 4 QF . The arrangement is 
suitable for a case where variations at intervals of several hours 
or less in the load or power supply is leveled by energy stored 
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in the EDLC. For example, electric power is supplied to a load 
varying at an interval shorter than several hours so that the 
load is leveled, whereupon influences on the power system can 
be rendered smaller. In this usage in which the power supply 
5 variations are compensated, power input to and output from the 
EDLC bank are frequent. As a result, loss of power due to an 
internal resistance tends to be increased. In accordance with 
the fourth preferred form, however, the internal resistance of 
each EDLC unit cell is set at a small value. Further, the 

10 internal resistance of each cell also depends upon the 
electrostatic capacity thereof. Accordingly, the product of the 
electrostatic capacity by the internal resistance serves as a 
value evaluating the internal resistance in the relationship 
with the electrostatic capacity and is set at a small value. 

15 Consequently, power loss can be reduced in the EDLC bank and the 
efficiency can be improved. 

In a fifth preferred form, when the EDLC bank is used for 
a primary purpose of electric power storage, each EDLC unit cell 
has an internal resistance which is at or below 10 mQ and a product 

20 of an electrostatic capacity of each EDLC unit cell by the 
internal resistance thereof is at or below 100 QF. This 
arrangement is suitable for an uninterruptable power control 
unit which has a primary purpose of electric power storage while 
storing power for a relatively long time. More specifically, 

25 the arrangement is suitable for power control at intervals longer 
than several hours and equal to or shorter than several days. 
For example, electric power is supplied to a load varying at an 
interval of several days by the above -described arrangement so 
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that the load Is leveled, whereupon the power system can be 
operated efficiently , 

Power loss due to the internal resistance of the EDLC bank 
is easy to reduce since the frequency of power input and output 
5 to and from the EDLC bank is low in the aforesaid power control. 
Accordingly, the internal resistance and the product of the 
electrostatic capacity by the internal resistance can be set at 
respective larger values as compared with a case where power 
control is performed under a load or power supply varying at 

10 intervals of several hours or less. Consequently, the internal 
resistance of each EDLC unit cell is increased such that the 
electrostatic capacity can be increased, and accordingly, a 
larger capacity of electric power can be stored. 

In a sixth preferred form, a condition expressed by 

15 Y>100xX'°^ is met where Y designates an energy density of each 
EDLC unit cell in Wh/kg and X designates an output density of 
each EDLC unit cell in W/kg. The inventors inspected the Ragone 
plot indicative of the relationship between energy density 
(Wh/kg) and output density (W/kg) . The inventors then found the 

20 above- described condition from the results of the inspection. 
When the used EDLC unit cells meet the condition, the efficiency 
and performance in the power control by the EDLC bank can be 
rendered maximum. 

In a seventh preferred form, the electric power storage 

25 device includes at least one secondary battery having an energy 
density which is at or above 10 Wh/kg. This arrangement 
accomplishes an electric power storage device with a high energy 
density which cannot be achieved by the EDLC bank alone . 
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Consequently, since an amount of energy stored is increased, 
electric power can be supplied to the load for a longer time. 

In an eighth preferred form, the electric power storage 
device includes at least one aluminum solid electrolytic 
5 capacitor having an output density which is at or above 10,000 
W/kg. This arrangement accomplishes an electric power storage 
device with a high output density which cannot be achieved by 
the EDLC bank alone. Consequently, the arrangement is suitable 
for a case where input and output of a large power are each 
10 performed in a short period of time . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects , features and advantages of the present 
15 invention will become clear upon reviewing of the following 
description of preferred embodiments, made with reference to the 
accompanying drawings, in which: 

FIG. 1 is a schematic block diagram showing an electrical 
arrangement of a power control unit of a first embodiment in 
20 accordance with the present invention; 

FIG. 2 illustrates an arrangement of EDLC units constituting 
an EDLC bank used in the power control unit; 

FIG. 3 schematically illustrates an electrical arrangement 
of the EDLC unit; 
25 FIG. 4 illustrates performances of electric power storage 

devices ; 

FIG. 5 shows a Ragone Plot of an EDLC unit cell; 

FIG. 6 is a view similar to FIG. 1, showing a second 
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embodiment in accordance with the invention; and 

FIG .Visa view similar to FIG . 1 , showing a third embodiment 
in accordance with the invention . 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

A first embodiment of the invention will be described with 
reference to FIGS. 1 to 5 . Referring to FIG. 1, a power control 
unit 1 of the first embodiment is shown. A power supply 2 such 

10 as a commercial AC power supply is connected via an input terminal 
la of the power control device 1 to an AC input terminal of a 
converter 3 comprising bridge-connected switching elements such 
as IGBTs (Insulated gate bipolar transistors). The converter 
3 converts an AC power supplied to the AC input terminal thereof 

15 to a corresponding DC power which is delivered from a DC output 
terminal thereof. The DC output terminal of the converter 3 is 
connected both to a charge and discharge terminal 4a (see FIG. 
4) of an electric double layer capacitor (EDLC) bank 4 and to 
a DC input terminal of an inverter 5. The inverter 5 also 

20 comprises bridge-connected switching elements such as IGBTs. 
The inverter 5 has an AC output terminal connected via an output 
terminal lb of the power control device 1 to a load 6 . The 
inverter 5 supplies to the load 6 electric power with set voltage, 
current, frequency and phase. 

25 A control device 7 mainly includes a converter control 8, 

inverter control 9, EDLC bank control 10. The converter control 
8 controls the converter 3 and the inverter control 9 controls 
the inverter 5. The EDLC bank control 10 controls charging and 
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discharging operations of the EDLC bank 4. The control device 
7 monitors the controlling operations of the controls 8 to 10 
respectively to perform a power control so that a predetermined 
power is supplied to the load 6 . 
5 Referring now to FIG. 2, an electrical arrangement of the 

EDLC bank 4 serving as an electric power storage device is shown. 
The EDLC bank 4 includes a plurality of parallel-connected rows 
of EDLC units 11, each of which rows includes a plurality of 
series-connected EDLC units 11. One end of a circuit composed 

10 of the EDLC devices 11 connected as described- above is connected 
to the charge and discharge terminal 4a, whereas the other end 
of the circuit is grounded. Bank changing means (not shown) is 
provided for changing between series and parallel connection of 
the EDLC bank 4 at the command of the EDLC bank control 10 so 

15 that a charged and discharged state of the EDLC bank 4 , a charging 
current and a discharging current are controlled. 

Each EDLC unit 11 includes an EDLC unit cell 12 and a voltage 
balancer 13 connected in parallel to the EDLC unit cell. The 
voltage balancer 13 comprises Zener diodes, diodes, resistors, 

20 capacitors, comparators and transistors none of which are shown. 
The voltage balancer 13 controls a voltage across terminals of 
the EDLC unit cell 12 so that the voltage is in or below a range 
between 2.0 and 3.0 V, for example. In the embodiment, the 
voltage is set at 2.7V. The voltage balancer 13 further prevents 

25 the reverse-polarity charging and protects the EDLC unit cell 
12 from being broken by a steep current. Additionally, the 
voltage balancer 13 short-circuits the EDLC unit cell 12 when 
the cell has failed. Thus, the EDLC unit cell 12 performs the 



10 



# 



charging and discharging operations properly efficiently for a 
long period of time as the result of provision of the voltage 
balancer 13. The number of series-connected EDLC units 11 is 
set to be slightly larger than an actually required number. 
5 The operation of the power control unit will be described. 

The control device 7 is previously set with values of voltage, 
current, frequency and phase. Firstly, the control device 7 
supplies a control signal to the converter control 8 so that the 
converter 3 is driven. As a result, the converter control 8 

10 drives the converter 3 so that an AC power supplied from the power 
supply 2 via the input terminal la is converted to a corresponding 
DC power. The DC power is supplied to the EDLC bank 4 and the 
inverter 5. An amount of energy stored in the EDLC bank 4 is 
zero in an initial state thereof. Accordingly, the EDLC bank 

15 4 is charged with the supplied DC power. On the other hand, the 
control device 7 supplies to the inverter control 9 set values 
of voltage, current, frequency and phase. In a normal or 
powering operation, the inverter 5 converts the supplied DC power 
to a corresponding AC power on the basis of the aforesaid set 

20 values, thereby delivering the resultant AC power to the load 
6 . In a regenerative operation, the inverter 5 supplies electric 
power from the load 6 to the EDLC bank 4, and the converter 3 
supplies electric power from the power supply 2 to the EDLC bank 
4 . 

2 5 The EDLC bank 4 is charged with the DC output from the 

converter 3 under the control of the control device 7 when 
discharging is not required. Each of the EDLC unit cells 12 
composing the EDLC bank 4 is charged and discharged at high speeds . 
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When determining that power supplied to the load 6 becomes 
insufficient due to a decrease in the voltage, frequency or the 
like in the power supply 2 , the control device 7 supplies the 
DC power at the EDLC bank 4 via the inverter 5 and the output 
5 terminal lb to the load 6. 

Performances of the power control device 1 comprising the 
EDLC bank 4 will now be described. FIG. 4 shows performances 
of a lead-acid battery, an aluminum solid electrolytic capacitor 
and the EDLC unit cell 12. The power control unit using the EDLC 

10 bank 4 has a lower internal resistance and longer cycle life than 
one using the lead-acid battery. Consequently, the electric 
power can be supplied into and delivered from the EDLC bank 4 
at high speeds with high efficiency. Further, since the EDLC 
bank 4 contains no material or substance contaminating 

15 environment, costs for environmental protection can be reduced . 

The following describes the relationship between variations 
in the load 6 or power supply 2 and characteristics of the EDLC 
bank 4 . When the power supply 2 or load 6 varies , the EDLC bank 
4 performs charging and discharging at a frequency according to 

20 a varying speed. The charging and discharging operations 
accompany power loss due to an internal resistance. In view of 
this problem, conditions of each EDLC unit cell 12 are set on 
the basis of criteria which will be described as follows: 

(1) A case where the load 6 varies at intervals of several 

25 hours or less : 

When the power control is performed so that the load is 
leveled, power is frequently supplied to and delivered from each 
EDLC unit cell 12, whereupon power loss due to the internal 
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resistance R of each EDLC unit cell 12 tends to be increased. 
Accordingly, it is preferable that the internal resistance R and 
a product of an electrostatic capacity C by the internal 
resistance R should be rendered as small as possible. The reason 
5 for the use of the aforesaid product is as follows: Dimensions 
of each EDLC unit cell 12 are increased with the increase in the 
electrostatic capacity C and accordingly, the internal 
resistance of the cell takes various values depending upon the 
dimensions of the cell. Thus, a criterion of evaluation cannot 

10 be determined only by the internal resistance , and it is difficult 
to reduce the resistance loss of the EDLC bank 4 while the internal 
resistance is balanced with an amount of charged electric energy. 
In each EDLC unit cell 12 incorporated in the EDLC bank 4 
in the embodiment, the internal resistance R is at or below 2 

15 mQ and the product of the electrostatic capacity by the internal 
resistance R is at or below 4 QF . Consequently, the internal 
resistance of the overall EDLC bank 4 and accordingly the power 
loss can be reduced. For excimple, when each EDLC unit cell 12 
has the rating of 2.5 V, 30 A, 2,000 F and the internal resistance 

20 of 1.5 mQ, an amount of electric energy E charged therein is 
obtained as : 

E=CVV2-2000x( 2 . 5 ) V ( 2x3600) 
=about 1 . 74 (Wh) . 
Further, output power P (W) of each EDLC unit cell 12 is obtained 

25 as : 

P=VI=2 . 5x30=75 (W) . 
Power loss Pr per unit cell 12 in this case is shown as: 

Pr=l'R=30'x0. 0015 = 1. 35 (W) . 
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Accordingly, a ratio L of the power loss Pr to the output power 
P is shown by: 

1=1.35/75=1.8 (%) . 
Consequently, a preferable ratio L in the actual use can be 
5 achieved. Further, the product of the electrostatic capacity 
C by the internal resistance R becomes 3 QF, which value meets 
the aforesaid requirement. As a result, a predetermined amount 
of electric energy stored can be ensured, and the load 6 is leveled 
with small power loss, whereupon influences of the load 
10 variations upon the power system can be reduced. 

(2) A case where the load 6 varies at an interval ranging 
between several hours and several days : 

Power loss due to the internal resistance is relatively 
small since the frequency of input and output of electric power 
15 to and from the EDLC bank 4 is low in this case. Accordingly, 
each EDLC unit cell 12 in case (2) may have a larger internal 
resistance than each EDLC unit cell 12 in case (1). The 
electrostatic capacity C can be increased with the increase in 
the internal resistance R of each EDLC unit cell. As a result, 
20 the EDLC bank 4 can store a larger electric power. 

In each of the EDLC unit cells 12 incorporated in the EDLC 
bank 4 in the embodiment, the internal resistance is at or below 
10 mQ and the product of the electrostatic capacity by the 
internal resistance is at or below 100 QF . For example, when 
25 each EDLC unit cell 12 has the rating of 2.5 V, 10 A, 20,000 F, 
an amount of electric energy E stored therein is obtained as: 
E=CVV2 = 20000x(2 . 5) V ( 2x3600) 
=about 17.4 (Wh) . 
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The capacity of the EDLC bank is thus increased and the load 
6 is leveled under optimum conditions by previously estimating 
the variation interval of the load 6. Consequently, influences 
of the load variations upon the power system can be reduced. 
5 FIG. 5 shows a Ragone plot which is well known in the 

technical field of electric double layer capacitors. The plot 
shows the relationship between an output density (W/kg) and an 
energy density (Wh/kg) per weight of the EDLC unit cell 12. 
Symbols " # " and "A" denote characteristics of a secondary 

10 storage battery such as a lead-acid battery. Symbol denotes 
the characteristic of an aluminum solid electrolytic capacitor. 
Symbols "O, " "A," and "O" denote the characteristics of 

the EDLC unit cell 12 . Straight line in FIG . 5 denotes the 
following relationship between the energy density Y and the 

15 output density X: 

Y=100xX"^ ®. ( 1 ) 

The straight line overlapping the Ragone plot is suggested by 
the inventors and defines a selection criteria for the EDLC unit 
cell 12 suitable for use with the power control device 1. More 

20 specifically, an EDLC unit cell 12 meeting the requirement of 
the following expression (2) is suitable for the use with the 
power control device 1 : 

Y>100xX ° \ (2) 
On the contrary, when the aforesaid condition is not met, the 

2 5 power control device 1 is insufficient in the performances 
including the efficiency, input and output speeds of power, and 
stored energy. Consequently, the power control device cannot 
practically be used. 
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According to the above -described embodiment, the power 
storage device includes the EDLC bank 4 comprising the EDLC unit 
cells 12 in each of which the electric double layer capacitor 
is used. The EDLC unit cell 12 has a cycle life equal to or longer 
5 than a service life of the power control device 1. As a result, 
the EDLC bank 4 need not be replaced by a new one and accordingly, 
the maintenance of the power control device can be rendered easier . 
Further, the costs for the environmental protection can be 
reduced since the EDLC unit cell 12 contains no material or 

10 substance detrimental to environment . 

Furthermore, the characteristics of each EDLC unit cell 12 
are set according to the estimated intervals of the power or load 
variations , whereupon either the speed or the capacity is 
respectable in the EDLC bank 4. Consequently, the load 6 can 

15 efficiently be leveled and stabilized. 

The EDLC bank 4 can perform high-speed charge and discharge 
and accordingly has a high charging efficiency. As a result, 
power to be regenerated in a short time can efficiently be 
recovered by the EDLC bank and accordingly, the efficiency of 

20 the power control device 1 can be improved. Furthermore, since 
the EDLC bank has a high output density, a large difference 
between the power supplied by the power supply 2 and consumed 
power can be absorbed in a short period of time. Consequently, 
a stable high-quality power can be supplied to the load 6. 

25 FIG . 6 illustrates a second embodiment of the invention . 

The similar or identical parts in the second embodiment are 
labeled by the same reference symbols as in the first embodiment . 
The description of these parts are eliminated and only the 
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difference between the first and second embodiments will be 
described. Referring to FIG. 6, the power storage device 14 
provided in the power control device 18 includes the EDLC bank 
4 and a secondary battery 15 connected in parallel with the bank. 
5 The power control device 18 has the input terminal 18a to which 
the power supply 2 is connected and the output terminal 18b to 
which the load 6 is connected. The secondary battery 15 
comprises a lead-acid battery having the performance as shown 
in FIG. 4. The control device 16 includes a secondary battery 

10 control 17 controlling the secondary battery 15. The secondary 
battery control 17 normally monitors a charged state of the 
secondary battery 15, supplying a signal indicative of the 
charged state. The control 17 further controls charging and 
discharging operations of the secondary battery 15. 

15 According to the second embodiment , when the electric 

discharge is unnecessary, the electric power from the power 
supply 2 is supplied via the input terminal 18a and the converter 
3 to the EDLC bank 4 and secondary battery 15, whereby the EDLC 
bank 4 and secondary battery 15 are charged with the electric 

20 power. When detecting a decrease in the electric power due to 
power stoppage, the control device 16 delivers a command to the 
EDLC bank control 10 so that the EDLC bank 4 supplies electric 
power to the load 4 for an initial short period of the power 
stoppage (for 1 minute, for example). Thereafter, the control 

2 5 device 16 delivers a command to the secondary battery control 
17 so that the secondary battery 15 supplies electric power to 
the load 6 . 

The secondary battery 15 generally has a higher energy 
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density than the EDLC bank 4 as obvious from FIG . 4 . Accordingly , 
an amount of energy stored in the storage battery 14 can be 
rendered larger than in the first embodiment. In this case, the 
secondary battery 15 should have an energy density which is at 
5 or above 10 Wh/kg and meets the condition of expression ( 2 ) . Such 
a large energy density cannot be achieved from the EDLC bank 4 . 
Thus, an amount of stored energy can be increased, and a long 
time of backup can become possible. Further, the power control 
performance can be increased. Additionally, when a variation 

10 interval of the load 6 is previously determined and the EDLC bank 
4 is used under an appropriate condition, the load 6 is leveled 
and influences of the load variations upon the electric power 
system can be reduced. 

FIG. 7 illustrates a third embodiment of the invention. The 

15 power storage device 19 provided in the power control device 23 
includes the EDLC bank 4 and a plurality of aluminum solid 
electrolytic capacitors 20 connected in parallel with the bank. 
The power control device 23 has the input terminal 23a to which 
the power supply 2 is connected and the output terminal 23b to 

20 which the load 6 is connected. The control device 21 includes 
an aluminum solid electrolytic capacitor control 22 controlling 
a parallel circuit of the aluminum solid electrolytic capacitors 
20. The control 22 normally monitors a charged state of the 
secondary batteries 15, thereby delivering a signal to the 

25 charged state. The control 22 further controls charging and 
discharging operations of the secondary batteries 15. 

According to the third embodiment , when the electric 
discharge is unnecessary, the electric power from the power 
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supply 2 is supplied via the input terminal 23a and the converter 
3 to the EDLC bank 4 and aluminum solid electrolytic capacitor 
20 , whereby the EDLC bank 4 and secondary batteries 15 are charged 
with the electric power. When detecting a decrease in the 
5 electric power due to power stoppage , the control device 21 
delivers a command to the control 2 2 so that the control 22 
supplies electric power to the load 4 for an initial short period 
of the power stoppage (for several tens minutes, for example). 
Thereafter , the control device 16 delivers a command to the 

10 secondary battery control 17 so that the control 10 supplies 
electric power from the EDLC bank 4 to the load 6. Consequently, 
a higher speed input and output of electric power can be realized, 
and a stable electric power can be supplied to the load even 
immediately after power stoppage. 

15 The aluminum solid electrolytic capacitor 20 has a function 

of absorbing a switching ripple current produced by switching 
elements of the converter 3 or inverter 5 . Further , when a 
three-phase unbalanced load or single-phase load is connected 
to the inverter 5, a power variation in which frequency twice 

20 as high as that of a fundamental wave occurs at the DC side in 
an arrangement of compensating unbalance in a power system to 
which the inverter is connected or of converting the DC power 
from the storage battery to an AC power which is supplied to an 
unbalanced load. The aluminum solid electrolytic capacitor 20 

25 can absorb this power variation. In this case, the used aluminum 
solid electrolytic capacitor 20 should preferably have an energy 
density which is at or above 10,000 W/kg and meet the condition 
of expression (2). Such a large energy density cannot be 
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achieved from the EDLC bank 4. Consequently, a large electric 
power that cannot be obtained only from the EDLC bank 4 can be 
supplied. Additionally, when a variation interval of the load 
6 is previously determined and the EDLC bank 4 is used under an 
5 appropriate condition, the load 6 is leveled and influences of 
the load variations upon the electric power system can be reduced. 

In a modified form, both the secondary battery 15 and the 
aluminum solid electrolytic capacitor 20 may be combined with 
the EDLC bank 4 together. Consequently, the effects achieved 

10 from the second and third embodiments can be obtained 
simultaneously. For example , a stable electric power can be 
supplied to the load for a long period of time even immediately 
after power stoppage. 

Although the lead-acid battery is used as the secondary 

15 battery 15 in the second embodiment, a lithium ion battery or 
sodium- sulfur battery (NaS battery) may be used as the secondary 
battery, instead of the lead-acid battery. 

In the foregoing embodiments, the bank switching means is 
provided as the control means for controlling the charged and 

20 discharged state of the EDLC bank 4 and a charging and discharging 
current. For example, a current setting resistor may be 
connected in series to the EDLC bank 4 so that the EDLC bank 
control 10 delivers a command to change a resistance value thereof . 
Alternatively, a chopper circuit may be provided in the EDLC bank 

25 4 so that the control 4 delivers a signal to control the switching 
operation of the chopper circuit. 

Each of the above-described power control devices may be 
applied to electric cars , UPS and actuators . 
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The foregoing description and drawings are merely 
illustrative of the principles of the present invention and are 
not to be construed in a limiting sense. Various changes and 
modifications will become apparent to those of ordinary skill 
5 in the art. All such changes and modifications are seen to fall 
within the scope of the invention as defined by the appended 
claims . 
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